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Psychologically Informed Theories of Learning
Cognitive science has long sought to explore the ways in
which information is processed by the brain and to generate
from this overarching constructs and models of thinking
and learning. Indeed, much of what we know about how
people learn comes from this background, which traces its
roots to the mid-20th century psychologists and their
attempts to create a science of learning behavior.onal Institute for Health Research
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004Often, cognitive science theories are contrasted with
approaches to learning that tend to look at learning as
social, naturalistic, contextual, or experiential phenomena.
Indeed, psychological approaches such as cognitive load
theory tend to seek to understand the features, scope, limits,
and possibilities of the way human beings interact with the
world around them when engaging in learning. These
approaches often look at learning as a specific and limited
phenomenon and seek to understand ways in which infor-
mation is perceived, processed, stored, and acted on.
However, much work in cognitive science over the last
two decades has sought to explore learning in much more
situated and contextualized environments.
In health professions education, and particularly in
health simulation education, there is a paucity of solid
theoretical grounding for the design and implementation of
learning and teaching (see, e.g., Bligh & Bleakley, 2006;
Bradley & Postlethwaite, 2003; Kaakinen & Arwood,
2009). However, an understanding and use of these theoriesning. Published by Elsevier Inc. This is an open access article under the CC BY-
Informing Simulation Design Using Cognitive Load Theory 356can help achieve a more positive learning outcome for
learners, make a more robust and educationally sound
learning environment, and create a safer health care envi-
ronment overall (Kneebone, 2005). This article contributes
to that aim by exploring cognitive load theory and by artic-Key Points
 Cognitive load theory
is one of many ways
of understanding how
people learn and thus
should help inform
how we design
simulation.
 There is a limit to
how much informa-
tion people can pro-
cess simultaneously,
and this impacts how
information is stored.
Too much informa-
tion, or too difficult a
task, presented in an
ill-considered or un-
structured way, can
result in cognitive
overload for a learner.
 The inherent diffi-
culty of a task is
considered to be its
intrinsic load; some
of which can be
appropriate to the
task at hand and thus
is referred to as
germane load.
 The extraneous load
involves the ways in
which the task is pre-
sented or designed
and can be mini-
mized by instruc-
tional design.ulating how what is known
about how people learn can
be used to create and opti-
mize effective simulation
learning environments. By
exploring the background
of this theoretical approach,
including its roots in psycho-
logical studies of information
processing and its connec-
tions to instructional design,
this article argues that salient
aspects of cognitive science
theory can improve what
we do in simulated learning
environments that reflect the
highly complex world of
day-to-day clinical practice.Understanding
Cognitive Load
Theory
Much of the background
scholarship and empirical
research that informs cogni-
tive load and information
processing theory and schol-
arship developed from the
work of behavioral psychol-
ogists in the middle of the
20th century. As the science
of human behavior came to
be an accepted discipline, it
was dominated by a posi-
tivist research paradigm:
experimental research de-
signs, intended to generate
knowledge about the wayspeople interacted with their environment, were predominant.
Studies of perception, memory, and information processing
from this era shaped and informed much of what we know
about the mind today.
Cognitive load theory perceives information processing
using formal pathways not unlike that of a computer.
Although there are many hypothesized models of informa-
tion processing, with many nuanced features, they almost
all feature a similar basic structure. New information or
novel inputs are first dealt with in a working memory.pp 355-Working memory is optimized for constantly dealing with
new information and recalling existing knowledge and for
passing it off to other parts of the system as appropriate.
However, research seems to indicate that this initial buffer
of working memory has very discrete limits on how much
information it can handle at one time. Miller (1956)
now-famous review of early information processing work
argues for the ‘‘magical number seven’’ as the limit on
the amount of information that humans can process at
any one time. More recent work on information processing
has shown variations on this limit but has reinforced
the general point that our working memory is limited
(Baddeley, 2010).
What working memory is not good at, however, is
hanging on to new information for very long; information
must be sent to long-term memory for that information to
be encoded, indexed, and stored for later use. This process
of consolidating new information into long-term memory
stores is then aided by a number of factors. These include
whether the processing of information is impeded, how
much it is rehearsed, and how much someone already
knows about the domain in which the information will be
situated (Bayliss, Bogdanovs, & Jarrold, 2015). In short,
humans are able to maintain and encode slightly more
information if we can make sense of it as we take it in; if
existing cognitive schema are in place to support the
sensory input. Thus, working memory becomes more
efficient as domain-specific knowledge increases. For
example, letters, over time, become encoded as words,
and then as phrases, as our linguistic capacity increases;
simple chess moves become complex placements of mul-
tiple pieces on a board (Van Merri€enboer & Sweller, 2005).
Cognitive load theory seeks to distinguish factors that
make this encoding and consolidation of new knowledge
more efficient, or conversely, more difficult (Jeroen J. G. Van
Merri€enboer & Sweller, 2005). Cognitive load theory is
particularly helpful when considering how to design learning
tasks and environments. At its most basic, cognitive load
theory distinguishes between three types of load: (a)
intrinsic, (b) extraneous, and (c) germane load (Van
Merri€enboer, Kester, & Paas, 2006), as shown in Table.
The intrinsic load of a learning environment, problem, or
task is concerned with its inherent difficulty for a learner
and thus is variable depending on a learner’s previous expe-
rience in a domain. Intrinsic load cannot be lowered, but a
learning task can be made more appropriate for the learner’s
level of expertise or existing knowledge. Extraneous load is
entirely related to the presentation of new information or the
design of the learning experience: poorly designed learning
experiences can be said to have a high extraneous load and
thus are not ideal for learning. Germane load is part of the
intrinsic load of the task and has to do with making the
task appropriately difficult for learners such that the task is
challenging and encourages their learning. Too high a cogni-
tive load means that learning cannot happen; therefore, the
learning experience or task is not effective. The central360  Clinical Simulation in Nursing  Volume 11  Issue 8
Informing Simulation Design Using Cognitive Load Theory 357idea of cognitive load theory is to optimize intrinsic and
germane load such that a task is appropriately challenging
for a learner, while optimizing the learning environment or
task by minimizing unnecessary extraneous load.What Can Cognitive Load Theory Contribute to
Simulation?
Much of the empirical work that has given rise to cognitive
load theory has focused on identifying specific ways to
decrease extraneous load while focusing on the appropriate
level of intrinsic and germane load. Van Merri€enboer et al.
(2006) and Van Merri€enboer and Sweller (2010) have iden-
tified a number of design principles that can be useful to
consider in the design and delivery of simulation-based
education; some of these principles are explained here in
the context of simulation.
Goal-Free Learning Allows for More Specific and
Appropriate Learning Opportunities
Although this may at first sound like a paradox, Van
Merri€enboer and Sweller (2010) describe goal-free learning
as learning that eliminates the need for learners to engage
in the cognitively expensive process of working backward
to find the answer to a problem in the very specific way
implied by the problem’s design. Simply put, it allows
learners to come up with as many answers to a problem
as they can, rather than specifying the form and shape of
an answer. Simulation allows learners to practice at a level
appropriate for their expertise and knowledge, making mis-
takes in a safe environment rather than in a potentially
dangerous clinical setting. Instead of setting learners up
with specific, performance-oriented goals that may be
beyond their capability, simulated learning settings have
the benefit of being optimized for the learner’s exact level
of experience and knowledge. In a simulation scenario, a
learner can be given a broad and goal-free learning oppor-
tunity, such as the instruction to ‘‘take care of this patient as
best you can in the situation. Do whatever you would nor-
mally do in a clinical care setting.’’ By encouraging
learners to get what they can out of a scenario, regardless
of their level, simulation can be a learning task that im-
proves learners’ own performance rather than focusing their
activity on a goal they believe might be implied by the task.
This decreases overall extraneous load for learners.
Setting up the Simulation Tasks Appropriately Can
Make for a More Effective Learning Environment
Some simulation educators argue that because the real
world of clinical practice constantly throws up novel,
surprising, and challenging cases, simulated practice should
reflect that and it is appropriate to shock and surprisepp 355-learners in scenarios. However, cognitive load theory
argues that while such surprise and emergency situations
do reflect clinical practice, they do not make ideal learning
tasks. By setting up simulations carefully and specifically
by lessening the potential breadth of the problem space, a
learner has less extraneous load to deal with. For instance,
learners can be sent a brief of the scenarios and reminders
of appropriate clinical protocols a couple of days in
advance of the simulation. This gives learners the oppor-
tunity to remind themselves of the clinical protocols and
thus lessens the extraneous cognitive load when they arrive
in the simulation environment. Because the point of many
simulation courses is to focus on developing learners’
nontechnical skills, providing clinical scenario details in
advance means that learners can refresh their clinical skills
before coming in and focus on nontechnical skills.
Furthermore, in simulated scenarios, a plant (or confed-
erate) can carefully integrate into the activity with sensi-
tivity to students’ emerging learning experience and their
cognitive load as the scenario progresses (Nestel, Mobley,
Hunt, & Eppich, 2014). This is especially important when
learners, coming from another clinical environment, are
not familiar with the setup of the simulated environment
(e.g., equipment is not in the place they expect it). The
plant could, for instance, point to or suggest clinical proto-
col steps or provide or point to a piece of equipment that a
learner might use. This reduces unnecessary extraneous
cognitive load on the learner, allowing them to focus on
completing the task at hand. It also potentially increases
the germane load, as learners must engage and communi-
cate effectively with the plant to achieve the outcome of
the scenario.
Start with Simple Tasks and Move Toward More
Complex Ones
Although not as common in nursing as in medicine,
training in the clinical professions can sometimes be
characterized by a tendency toward a ‘‘sink-or-swim’’
mentality, based on the idea that learners should be forced
to deal with the full complexity of clinical practice from
early on in their training to develop both resilience and
appreciation for that complexity. However, research in
cognitive load theory argues that learners benefit from a
staged approach that develops over time from simple
constituent tasks to more complex and difficult holistic
practice over time. This approach also reflects classical
instructional design theory (Gagne, 1962): learners must
master simple constituent tasks before moving on to more
complex and holistic ones that are more reflective of actual
clinical practice. This staged approach means that the
intrinsic load of the relative tasks, each building on the pre-
vious, is appropriately low such that learners are not over-
whelmed by overly complex tasks. In simulated
environments, this is reflected in designing the level of360  Clinical Simulation in Nursing  Volume 11  Issue 8
Table Types of Cognitive Load
Type of Cognitive
Load Definition Example
Intrinsic load The nature of the learning environment, problem,
or task has an inherent level of difficulty
associated with it.
Putting in a cannula is a task that includes many different
aspects; learners typically find it difficult to learn and
must practice to become skilled at the task.
Germane load Part of the inherent difficulty of a learning task is
necessary and helpful to the learning process.
This is the germane load of a task.
To put in a cannula successfully, a learner must also know
how to palpate a vein. It is part of the process and
therefore a required part of the task.
Extraneous load Learning tasks can be made more difficult by the
way they are structured, presented, or designed
or by the nature of the learning environment.
Learning to put in a cannula can be made much more
difficult by any number of factors: if the process or the
goal is not explained clearly or the steps involved are not
fully articulated, or if a learner has to learn on a moving
patient in a loud and busy clinical setting.
Informing Simulation Design Using Cognitive Load Theory 358the simulated task appropriately for learners’ experience,
education, and training. For example, a nursing student in
a simulation scenario might have a task of merely identi-
fying potential anaphylaxis and calling for help. A postre-
gistration nurse in the same scenario might need to
identify anaphylaxis, call for help, position the patient
appropriately, and administer epinephrine. Requiring the
nursing student to successfully complete all those tasks
may present too high a level of intrinsic load; however,
for a postregistration nurse, this may represent an appro-
priate learning task.
Start with Lower Fidelity and Move Toward Higher
Fidelity Simulators and Learning Experiences
The pervasive view among simulation enthusiasts has been
that an immersive, high-fidelity learning environment is
ideal to prepare trainees for clinical practice. Fidelity is a
contested concept that has many potential aspects. It can
include everything from how adequately the simulator
reflects a clinical care setting to how realistically the
scenario reflects the realities of day-to-day clinical practice
or how the instructors or confederates interact with the
learners (Dieckmann, Gaba, & Rall, 2007). It also neces-
sarily depends on the task at hand and the nature of learning
that is occurring (Kneebone, 2005; Issenberg, McGaghie,
Petrusa, Lee Gordon, & Scalese, 2005).
A drive for such fidelity in simulation is often based on
naturalistic (e.g., Dewey, 1897) and social constructivist
learning theories (e.g., Vygotksy, 1978; Brown, Collins,
& Duguid, 1989) that argue for learning being based in
realistic and meaningful activity that reflects genuine pro-
fessional practice. Indeed, there is evidence that the context
in which people learn may have an impact on how well they
are able to later use the same ideas (Lave, 1988; Bransford,
Brown, & Cocking, 2000). Cognitive load theory research
suggests, however, that immersing learners in a learning
environment that completely replicates the realistic world
of clinical practice, without consideration of other factors,pp 355-can make learning more difficult. This is due to the
increased cognitive load required by the multiple inputs
of the environment. Learners are, quite simply, over-
whelmed by all the inputs into their working memory and
are not able to process or make sense of what they need
to learn.
Therefore, when designing simulation activities or
integrating simulation into a training program or curricu-
lum, early learning needs to occur in relatively low-fidelity
environments, to reduce the cognitive load. As the fidelity
of the environment or the simulator is increased, the
intrinsic load of the task increases and the task becomes
more difficult for the learner. Over time, as the fidelity level
increases, learners can more effectively integrate their
learning into something that resembles the genuine world
of clinical practice. In many ways, this seems relatively
sensible and intuitive and reflects what happens already in
clinical training: learners begin by practicing limited-scope
clinical skills in relatively low-fidelity simulators (giving
injections to an orange) and move through to part-task
trainers (placing a cannula in a simulated arm), before
practicing in controlled clinical settings.
Again, it is worth considering when designing a simula-
tion course that various aspects of fidelity can be considered
(Dieckmann et al., 2007): not just the level of detail provided
in the physical space (e.g., does it resemble the world of clin-
ical practice, and does it need to?) but the level of fidelity of
the simulation activity (e.g., does it use a part-task trainer, a
manikin, or a simulated patient actor) and the degree to
which the task is designed to reflect the real world of clinical
practice (e.g., what does the scenario ask of learners, when
considering their level of experience?).
Conclusion
Cognitive load theory provides one way of understanding
the potential impact that learning environments can have
on the ways that people learn. The theory argues for a
model of cognition that is based on information360  Clinical Simulation in Nursing  Volume 11  Issue 8
Case Study: Interprofessional Stroke Simulation Training
In one large hospital simulation center, the principles of cognitive load theory have helped to inform the design of an interpro-
fessional simulation program involving nurses, midwives, allied health professionals, and doctors. The program was designed to
coincide with the implementation of a newly introduced stroke protocol. From the start, the scenarios were designed specifically
for clinicians already experienced in working with suspected stroke patients, so consideration was paid to the level of complexity
and fidelity required to ensure that an optimal combination of intrinsic, extraneous, and germane load was provided in the learning
experience.
According to cognitive load theory, these experienced clinicians could handle a relatively high level of intrinsic load; they could
handle the learning experience being relatively complex and having a number of nuanced and difficult features, as this would chal-
lenge them rather than frustrate or overwhelm them. Even within this context, the course was designed with two different variants:
(a) those who worked in designated high-acuity stroke units already and thus had significant day-to-day experience in treating
stroke patients and in using the protocol and (b) those who worked in hospitals where stroke patients were treated but which
were not designated specifically as high-acuity stroke units. Those working on the highly acute units received scenarios with a
higher level of complexity in terms of the required activity in the scenario; with a higher level of fidelity, in that a patient actor
was involved in some of the scenarios; and with a higher level of variability in the way the patient presented and responds to the
stroke protocol. Those working in hospitals without these units practiced similar scenarios in terms of content, but the level of
complexity, fidelity, and variability was lessened. For these learners, less potentially distracting or confusing detail was presented,
fewer obstacles to successful treatment were introduced, and the simulated patient responded to initial treatment decisions. In
this way, the design of the course was sensitive to the nature of learners’ existing learning and experience and thus specifically
managed the level of intrinsic load faced by learners while optimizing the cognitive load germane to their learning.
Two days before the course, learners were sent a briefing e-mail reminding them about the course and reminding them about the
stroke protocol. This further reduced learners’ intrinsic load by signposting the course as a partially worked example for them to
complete; learners were not surprised by the content, they knew exactly what to expect. Furthermore, the scope of expected action
was limited for them during the scenarios, allowing them to focus on the germane learning outcomes.
On the course, learners are asked to introduce themselves and explain their levels of experience and the context in which they
work. The facilitators use this information to decide which scenarios might be appropriately complex for each learner. This on-the-
fly adjustment of the learning environment optimizes the level of intrinsic load for each learner. Furthermore, learners are asked to
identify their own learning outcomes for the day (e.g., clarify their understanding of thrombolysis) and encouraged to think about
the use of the protocol in a larger clinical context (e.g., practice nontechnical skills) rather than imagining it as an assessment of
how well they follow the protocol. In this way, the course builds on the goal-free design principle: rather than creating a problem
that learners must solve in a very particular way, the course gives learners an opportunity to perform to the best of their ability in
the moment. This decreases the level of extraneous load.
Further reducing of extraneous load is achieved by giving each learner a complete briefing and an appropriate hand-off before
they enter the scenario. In this way, a learner is not overloaded with stimulus when entering the scenario: the extraneous cognitive
load is decreased, and the learner can focus on what they need to do with the patient in the scenario. The plant (confederate) is
instructed to be sensitive to a learner’s developing and evolving learning as it is happening in the scenario and to provide appro-
priate input that can help focus the learner’s actions and decrease the extraneous load in the situation.
Informing Simulation Design Using Cognitive Load Theory 359processing and the potential for learners to become
overloaded with information. By careful attention to the
design and the delivery of simulated learning experiences,
however, simulation can decrease unnecessary extraneous
load while optimizing the more necessary and appropriate
intrinsic and germane load that help make learning
effective.
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